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Autoregulated Vacuum Nozzle 
 
Metal Jet is a binder jetting additive manufacturing technology. The process starts by filling the print 
bucket (“build unit” from now on) with metal powder. Then, the build unit is inserted in the printer, where 
the parts are formed by selectively gluing powder particles together employing a binding agent. After 
that, the build job must go through a curing process where the binder solvents are evaporated. Finally, 
the job is cooled, and the parts can be extracted and cleaned before going to a sintering oven. This last 
process is called “de-caking” and it consists of removing the loose powder from the surface of the parts. 
The remaining powder can be recovered and processed to be reused for future jobs. 
 
Metal Jet is a technology aimed at mass production. Thus, repeatability in each of the processes and 
consistency in the final part quality are critical. Cost is also a key factor for application success. 
 
One of the aspects affecting negatively final part cost and quality is labor. Processes should be 
automated wherever possible to reduce the variability introduced by human intervention and minimize 
the cost derived from operator salaries. The steps that are kept as manual or assisted should be 
optimized to make them human error-proof and as efficient as possible.  
 
One of the manual processes in the Metal Jet system is the powder recovery from the build unit. After 
the build job is cooled, the build unit is inserted in the de-caking module and the job is lifted and vibrated 
to remove the bulk of powder surrounding the parts. This powder falls back into the build unit main 
platform. Moreover, not all the powder loaded into the build unit is used during the printing process. The 
excess powder is stored in the feeding platforms and the overflows of the build unit. 
 
After de-caking, the powder in the build unit is suctioned through a nozzle and sent to a tank connected 
to a vacuum system. With the current set of nozzles, this is a slow and labor-intensive process, as the 
suction capacity is not optimized and the operator needs to do multiple passes to clean each build unit 
area. Furthermore, when the nozzles are dipped in the powder, they are left without air, which decreases 
the powder velocity through the pipes and causes powder accumulation and clogging in the nozzle. This 
also happens when the nozzle is put in contact with the build unit surface. In this case, the nozzle is 
suctioned towards the build surface, making it very difficult to move it around. All in all, the time needed 
to recover all the powder from the build unit is highly dependent on the operator’s actions.  
 
To avoid all these problems, we propose adding to the vacuum nozzle an active mechanism that keeps 
a constant relative pressure in the vacuum system. 
 
The main problems solved with this concept are: 
 Low efficiency of the vacuum nozzles for metal powder retrieval. 
 Powder conducts left without air when the nozzle is used, which causes: 
o Clogging of the vacuum nozzle. 
o Powder accumulation in the pipes. 
o Difficulty to move the nozzle around as it is suctioned towards the build unit surface. 
 Variability in the powder retrieval cycle time and efficiency, which highly depends on the 
operator's ability. 
 
The solution consists of implementing a closed-loop system to keep a constant pressure drop in the 
vacuum pump. 
 
The system includes a relative pressure sensor in the vacuum pump and an air inlet in the aspiration 
nozzle controlled by a flow regulating valve. The valve is governed by a PID control, and the functioning 
principle is simple: 
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- When the relative pressure increases above a setpoint, the valve is opened accordingly to allow 
an additional air entrance in the vacuum system.  
- However, when the pressure is below the threshold, and the powder is flowing correctly, the 
valve is completely closed, allowing a maximum mass flow in the hose.  
 




Figure 1: PID Control 
 
The nozzle design concept (see Figure 2) to implement the air inlet in the aspiration nozzle controlled 
by a flow regulating valve could be the following one: 
1. Nozzle 
a. Air inlets with oblong shape for example that will act as air inlets on the nozzle 
b. Internal shape that acts as stopper to the internal ring 
2. Valve 
a. Implemented as an internal ring that blocks or enables additional air entrances 
b. Hooks to link it to the actuator and allow linear motion 
3. Actuator 
a. Linear Mechanical actuator that hooks with the internal ring in order to displace it 
following the PID control described above 
4. Relative pressure sensor at some point of the vacuum piping 
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Figure 2: Nozzle design concept: nozzle external view (left) and internal view with the valve and its actuator (right) 
An alternative implementation trying to avoid the pressure sensor could be to a design the valve as an 
internal ring with a certain surface (see red arrow on Figure 3) that the air pushes against to control its 
position. The ring is pushed towards closing the lateral nozzles oblongs when the air is flowing normally 
through the nozzle and the air pressure is high. When the air flow drops, the force decreases and the 
ring falls back while opening the nozzles lateral holes. 
 
 
Figure 3: Nozzle design concept with internal ring moved by air pressure: closing lateral air inlets (left), partially opening the 
lateral air inlets (center) and totally opening the lateral air inlets (right). 
 
The main advantages of this concept are: 
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 Increased repeatability of the powder retrieval flow and process time, which allows better 
scheduling of the resources. 
 No pipes clogging. 
 Improved user experience, as the manual operation is shorter and the cleaning process is more 
comfortable: no pipes clogging, or the nozzle being stuck against the platforms. 
 Reduced build unit cleaning cycle time, which in turn: 
o Reduces the machine cycle time, increasing the number of printers supported by the 
de-caking and build unit cleaning machine (lower cost per part). 
o Reduces the number of operators needed. 
o Reduces the number of build units needed, as they are freed up faster. 
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